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Structure
Previewsresolution structural data, they used
molecular dynamics simulations to specif-
ically address the mechanism of selective
recognition of pThr- versus pSer-contain-
ing peptides. The simulations indicate
that while binding of either the pThr or
pSer peptide induces a significant stabili-
zation of the FHA, the effect is much
more pronounced for the pThr peptide.
The pThr-dependent stabilization relies
upon limited contacts between the pThr
g-methyl group and a small pocket on the
FHA composed of residues including
a highly conserved asparagine residue
(Asn495 in Rv0020c), which makes critical
contacts to the phospho-peptide back-
bone bridging the +1 and +3 residues.
Loss of this contact in the complex with
the pSer peptide results in a higher degree
of overall flexibility, in particular in the
regions directly in contact with the pSer
as well as Asn495. Taken together, this
work presents a satisfying explanation for1550 Structure 18, December 8, 2010 ª2010how the loss of a small van der Waals
contact surfacecan trigger thedestabiliza-
tion of the entire FHA-peptide interface,
a mechanism that is likely conserved
throughout the FHA protein family.
We are beginning to understand the
detailedmechanisms of phospho-peptide
binding specificity for many of the critical
protein modules that regulate intracellular
signaling pathways. While additional
details remain to be ironed out—for
example, how certain BRCT domains
selectively bind pSer- over pThr-peptides
(Manke et al., 2003)—ultimately we will
need to understand the impact of these
interactions on the intact protein
complexes that regulate phosphoryla-
tion-dependent signaling.REFERENCES
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In this issue ofStructure, Reymond et al. (2010) combinemolecular and computational biology approaches to
provide structural details for intermediates in the folding pathway of the hepatitis delta virus ribozyme.RNA molecules perform a wide array of
complexmolecular functions. For example,
they star in roles of ligand sensors as ribos-
witches and of catalysts as ribozymes.
These active roles are in addition to what
can be thought of as their more mundane
function in the transfer of genetic informa-
tion in the guise of mRNA and tRNA. To
date, a wide array of RNA structures have
beendeterminedthatdescribe thecomplex
three-dimensional structures formed by
awide variety of functional RNAmolecules.
As is often the case, one question leads to
another, and the question of how an RNA
strand folds into complex active structures
is one that is attracting attention.
In many ways RNA is a simple mole-
cule. The primary sequence of RNA iscomposed of just four different bases, yet
this limited selection of monomers allow
RNA to form diverse and stable secondary
structures that then fold into the native
tertiary structure (Woodson, 2010). The
intermolecular forces that govern RNA
folding are the same as for its protein
cousin; hydrogen bonding, van der Waals
interactions, hydrophobic effects, and
electrostatics all play a role, often in
a RNA-specific fashion. For example, the
electrostatics of RNA folding are complex
compared with the case of proteins, due
to the negative charge on the phosphate
backbone and the need for counter ions
to screen this charge and facilitate close
contact in the folded state (Chu et al.,
2008). In the process of folding, RNAhas a particular propensity to formalterna-
tive non-native structures before reaching
a final structure; it is these structural inter-
mediates between the unfolded and
folded state that define an RNA folding
pathway (Solomatin et al., 2010). The time-
scales involved in an RNA folding event
vary widely with respect to the size of
RNA molecule and type of structure being
formed.Helices and stem loops fold on the
order of microseconds, while the packing
of helices into the tertiary structure can
take milliseconds to hundreds of seconds
(Woodson, 2010). The intermediaries may
be local minima on the RNA folding land-
scape and could be branch points for
unproductive folding routes as different
tertiary structures are explored.
Figure 1. Folding of the Hepatitis Delta Virus Ribozyme
The folding of the hepatitis delta virus ribozyme goes through five
folding intermediates (Rz1–Rz5) that differ in their tertiary structure
contacts. Shown is the secondary structure and tertiary structure of
the native folded HDV ribozyme (Rz6; pdb id: 1CX0).
Structure
PreviewsIn the present study, the
authors use the hepatitis delta
virus (HDV) ribozyme as their
molecule of choice for studying
anRNAfoldingpathway (Figure1)
(Reymond et al., 2010). The HDV
ribozyme has had its structure
and mechanism extensively
studied andpriorwork has identi-
fied several mutants thought to
represent HDV folding intermedi-
aries (Reymond et al., 2009).
These mutants were designed
to remove tertiary contacts ob-
served in the X-ray structure,
thereby trapping what are
thought to be folding intermedi-
aries. Using ribozymes to
monitor folding has the advan-
tage that catalytic activity can
be monitored to gauge the prog-
ress in folding of the molecule.
In addition, the HDV ribozyme
has several advantages for RNA
folding studies compared with
other small catalytically active
RNA molecules. The HDV ribo-
zyme is a highly structured and
stable molecule. This stability
may be why the HDV ribozymehas more proposed folding intermediaries
than other ribozymes.
The authors used computational anal-
ysis by MC-Sym (Parisien and Major,
2008) and chemical probing by SHAPE
analysis (Weeks, 2010) to model the
structures of the five putative folding
intermediaries of the HDV ribozyme.
MC-Sym is an RNA structural prediction
program that calculates a pool of plau-
sible tertiary structures on the basis of
supplied restraints. To aid in modeling
and validate the structures of the HDV
folding intermediaries, Reymond et al.
(2010) used SHAPE analysis to provide
secondary and tertiary structure informa-
tion on the HDV mutants.One RNA folding question that needs to
be kept in mind is how the folding path-
ways and intermediates determined
in vitro and in silico compare with what
occurs in a cell. Cells are a complex
mixture and can contain proteins that
help RNA fold into a functional structure.
These proteins have been termed nucleic
acid chaperones and can act by either
facilitating the structure formation or by
the unfolding of RNA structure (Herschlag,
1995). One or both of these activities may
be performed by the same protein. Exam-
ples of nucleic acid chaperones include
the retroviral nucleocapsid protein and
the La protein. The extent of the involve-
ment of nucleic acid chaperones in RNAStructure 18, December 8, 2010 ª2010 Elsfolding and the ways in which
these proteins function remains
to be fully addressed.
Another question related to
ribozyme folding: what is the
nature of the catalytically active
form of the ribozyme molecule?
X-ray crystallography provides a
beautiful picture of an RNA struc-
ture, but is the structure crystal-
lized and determined the active
species in solution? Is one of the
folding intermediates the active
species? Or is an alternate struc-
ture, one transiently populated
and not necessarily a folding
intermediate the active species?
These are difficult questions to
address as they involve isolating
and assaying the activity of tran-
siently populated structures.
How to address these, and other
questions, is a challenge for
future RNA folding studies.REFERENCES
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